The medicinal plant Jacaranda decurrens Cham., known as "carobinha-do-campo", is native to "Cerrado" (open pasture land with patches of stunted vegetation, woody pasture) and it belongs to the family Bignoniaceae. It is used in the popular medicine for the syphilis treatment, diaphoresis, inflammations etc., being prepared in the form of infusions (leaves and bark). We evaluated the mutagenic and antimutagenic activity of J. decurrens in somatic cells of Drosophila melanogaster using the SMART/eye test (somatic mutation and recombination test), which is based on the pigmentation of Drosophila ommatidia. Deletions, point mutations, non-disjunction and somatic recombinations were detected. Larvae in the third instar, resulting in crossing between virgin females from the Yellow lineage and males from the White one were treated with three different concentrations of J. decurrens ethanolic gross extract (EGE): 10 mg/ml (dosage-1); 6.25 mg/ml (dosage-2) and 4.16 mg/ml (dosage-3). They were isolated for mutagenic activity evaluation and associated to urethane (URE) for the antimutagenic analysis. URE was used (4 mg/ml) for the positive control and distilled water for the negative one. Three experiments were carried out for both mutagenesis and antimutagenesis. In the evaluation of the mutagenesis, the amount of clones/cells found in the dosage-3 (10.14) was statistically significant when compared to the negative dosage control (2.31), leading to the conclusion that J. decurrens EGE has a mutagenic effect depending on the concentration. On the other hand, in the antimutagenetic analysis, the EGE showed an antimutagenic effect in the three concentrations (dosage-1ϭ4.18; dosage-2ϭ4.58; and dosage-3ϭ3.24 clones/cells) when compared to the positive control (urethaneϭ6.29 clones/cells). Compared to dosage-3 (more diluted), the EGE presented a larger modulator effect of the genetic damages caused by URE. Thus, considering the established experimental conditions, we concluded that J. decurrens EGE has, depending on the concentration, either a mutagenic effect or a protecting effect of DNA against URE damage.
about the standardization technics for production and trade of phytotherapeutic agents (Di Stasi 1996) . This condition led the World Health Organization to establish, in 1978, a worldwide program destined to evaluate and standardize the methods used in natural medicine (Campelo 1983) .
The indiscriminate medicinal use of plants, usually toxic ones, may entail risks to the health, because, similarly to the allopathic drugs, there is a threshold dosage for each phytotherapeutic agent. Thus, after an inadequate use, several disorders may occur, from intoxications to mutational events in somatic and germinative tissues and it can lead to the development of somatic diseases, teratogenic effects and inherited genetic damages (D'Oliveira 1998).
Several herbs and infusions are rich in pyrrolizidine alkaloids, which usually may be found in food or used in popular medicine, presenting geno-and/or antigenotoxic activities (Ames 1983) . Most of the carcinogens trigger their tumorigenic activity by interacting with DNA, leading to permanent genetic lesions, which are expressed as genetic mutations and/or chromosomal aberrations, involving the cell cycle (Bronzetti et al. 1996 , Gonzalgo and Jones 1997 , Pereira 1999 , Nunes and Carvalho 2003 .
A large quantity of agents, called antimutagens, can act to inhibit or to prevent a mutagen interaction with the damaged DNA repair mechanism (Kada et al. 1982) .
Jacaranda decurrens is commonly used like infusions and it has properties as diaphoretic (bark), antisyphilitic (leaves), antiinflamatory among other ones. In homeopathy, it is used to treat skin damages, coryza, gonorrhea, and rheumatic and muscular pain (Alzugaray 1996) .
We analyzed the possible genotoxic and/or antigenotoxic effects of J. decurrens by the SMART/eye test in Drosophila. melanogaster, since the use of this plant is very expressive in Goiás State.
Materials and methods

Plant material
The extract was obtained from the foliar portion of J. decurrens, known as "carobinha-docampo" in Brazil, collected in Pirenópolis city, GO, in a region called Cerrado (open pasture land with patches of stunted vegetation, a savanna-like area). After harvest, the leaves were left to dry in an oven at 40°C for about 4 to 5 d. After drying, the leaves were triturated and submitted to successive filtrations and then they were set in an alcoholic solution extractor device for approximately 3 h. The resultant ethanolic gross extract (EGE) was used to carry out the assays.
Animal and assay procedures
As positive control, ethyl carbamate (urethaneϭURE) was used. This mutagen was dissolved in phosphate buffer (0.03 M, pH 6.8, Merck, Darmstadt, Germany) with a strength of 20 mM and prepared simultaneously to the treatment. The negative control was made with sterile distilled water. To keep the D. melanogaster lineages, and also to carry out the crossing among them, the banana-agar culture medium was used (Marques et al. 1996, modified) and distributed in sterile bottles of 250 ml (Graf et al. 1998) .
To the genotoxicity evaluation of J. decurrens, we used the SMART/eye test w/wϩ (White plus system), in which virgin females from the Yellow lineage were crossed with White males at 1 : 1 ratio. The ancestors were discarded 48 h after oviposition. Emergent larvae in the third instar were transferred to pipes with instantaneous medium, in which the compound to be tested was added, in three different concentrations (dosages): D1 (10 mg/ml), D2 (6.25 mg/ml) and D3 (4.16 mg/ml).
The co-treatment was used for the antimutagenic analysis. Yellow females and White males were submitted to the crossing over 24 h and took away from the standard culture medium after this period. The resultant larvae were treated in the surface with the mutagen (URE) in association with the EGE of phytotherapic agent (J. decurrens) in three different concentrations in the third instar.
Statistical analysis
The analysis was based on the appearance of spots in the eyes of females of the F1 progeny, grown up from trans-heterozygote larvae. This process consisted of fly etherization, followed by immersion in a solution composed of ethanol-tween-water (90 : 1 : 9) and the use of additional light in a magnifying glass in order to obtain an accurate analysis of the ommatidia.
The spots were classified using the systematic principles proposed by Vogel (1989) , where mutant clones are grouped in 9 classes: 1, 2, 3, 4, 5, 6, 7, 8 and Ͼ8, according to the size and the number of affected ommatidia. The ommatidium can acquire several forms; when it is affected, the spot is round.
The statistical analysis was carried out according to Frei and Würgler (1988) , considering two hypotheses simultaneously: H 0 -null hypothesis and H a -alternative hypothesis that allow to classify the results as POSITIVE (ϩ), NEGATIVE (Ϫ), WEAK-POSITIVE (wϩ) or INCONCLUSIVE.
Results
Six independent assays were carried out with the surface treatment to larvae of D. melanogaster. They were developed in order to evaluate the mutagenic and/or antimutagenic potential of J. decurrens. Figs. 1 and 2 show the results obtained from the 3 independent assays of mutagenic and antimutagenic analyses, respectively. They present the frequencies of mutant clones observed in the females of the F1 progeny, resulting from different treatments.
In the mutagenic analysis, the positive control (URE) presented 18.54 clones/10 4 cells and the negative control showed 2.31 clones/10 4 cells. The dosage-1 (D1) had an intermediate result (3.28 clones/10 4 cells). The dosage-2 (D2) had the lowest result (2.78 clones/10 4 cells) and the dosage-3 (D3), the most diluted, presented the highest result (10.14 clones/10 4 cells). In the antimutagenic analysis, the positive control (URE) presented 1.55 clones/10 4 cells and URE assay showed 6.29 clones/10 4 cells. When URE was associated with EGE at dosage-1, it showed 4.18 clones/10 4 cells, similarly to the dosage-2 (4.58 clones/10 4 cells). Differently, the dosage-3, the most diluted one, presented a reduction of 50% in the mutant clone frequency, when compared to URE.
Discussion
In our paper, in accordance with other scientific literatures, URE presented statistically significant data, corroborating its promutagenicity, which can be observed in the frequencies of clones showed both in the mutagenic and in the antimutagenic assays ( Figs. 1 and 2) .
Nunes (2000) evaluated Cocholospermum regium (algodãozinho-do-campo) using the SMART/eye test. She concluded that this plant is genotoxic under the conditions used by the population. This fact has led us to think about the importance of the genotoxicity knowledge of the plants. Mota (1997) found similar results to Stryphnodendron adstringens (Barbatimão) using the mice micronucleous test.
The frequencies of clones/10 4 cells found in D3 are statistically significant when compared to the negative control, which means that J. decurrens EGE has a mutagenic effect that depends on its concentration. These results show the importance of the use of different phytotherapic concentrations to validate the test.
The J. decurrens EGE presented a lower relative frequency of spots in the three dosages used in association with URE ( Figs. 1 and 2) . However, this frequency was higher than the negative control, justifying the statistical diagnosis to the three dosages. In spite of this positive diagnosis, a re-2007 duction on the amount of clones/10 4 cells was noticed in the three dosages, when compared to URE. This indicates a modulator effect of the J. decurrens EGE when associated with URE, remarkable in D3 that showed a reduction in around 50% of the clone frequencies. Then, it can demonstrate that the modulator effect of J. decurrens EGE depends on the applied concentration, emphasizing the importance of the use of different concentrations to evaluate the mutagenic and the antimutagenic potential of the same phytotherapic.
To evaluate the mutagenic activity of J. decurrens EGE, in the present work, we characterized D1 and D2 as negative and D3 as positive, which allows us to understand that the higher is the dilution of J. decurrens EGE, the higher is the mutagenicity occurrence ( Figs. 1 and 2 ). On the other hand, in the mutagenic activity evaluation, the dilution seems to play an important role in the interaction between the genotoxic and the modulator agent. Therefore, it is reasonable to propose that the J. decurrens EGE interacted or reacted with URE.
Such situation demonstrated that J. decurrens, when isolated, acts as a mutagen, but, on the other hand, when associated with another compound, for example URE, the plant modulates the action of the mutagen, in other words, it acts as an antimutagen.
Stable (immediate action) and unstable mutagens can be metabolically inactivated when they are taken by oral via, because the digestive system works as a metabolic barrier. Due to their passage through this system, these mutagens do not reach the target cells, acting as non-mutagenic agent (Valência et al., 1984 , Zijlstra 1987 , Sousa 1997 .
Since the co-treatment allows us to investigate the reactions that occur at an extracellular level, we can deduce that the J. decurrens EGE would participate, at least, in the mutagenesis through the extracellular modulator action. Thus, it acts as desmutagenic, but in the experimental conditions carried out, it was not possible to elucidate the component(s) responsible for this protection or to clarify the acting mechanism(s) of J. decurrens EGE.
Another observed fact is that the amount of spots from 1-4/100 eyes was much lower than the Ͼ4/100 one. It showed that the most of mutations occur in the last stages of Drosophila development ( Figs. 1 and 2) . Similar results were found by Nunes (2000) , when she evaluated C. regium by the SMART/eye test.
According to the experimental conditions in which this work was carried out, we concluded .25 mg/ml and 4.16 mg/ml) in association with URE (4 mg/ml).
